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SUMMARY

F-3 and F-4 knock data are presented for blends of 0, 20, 40,

60, and 80 percent by volume of triptane in 28-R reference fuel plus
approximately 4.6 ml TEL per gallon in the finel blends. For com-
parison of knock-limited performance, 28-R reference fuel contalining
2.7 percent by volume of xylidines and leaded to 6 ml TEL per gallon
is included. In order to provide information on temperature sensi-
tivities, two sets of modifled conditions were used in addition to
the standard F-4 engine conditions.

The reciprocal of the lmock-limited indicated mean effectlive-
pressure of the triptane blends was found to vary approximately
linparly with percentage triptane at all the F-4 engine conditions
and fuel-alr retlos investigated.

INTRODUCTION

The data presented 1n this report are part of a general pro-
grem to determine the knock-limited performance characteristics of -
fuel bPlends containing triptane. This work was.requested by the
Army Alir Forces and 1s being conducted at the Alrcraft Engine
Research Laboretory of the NACA, Cleveland, Ohio. The data for the
tests reported herein were obtained during March 1944.

APPARATUS AND TEST PROCEDURE
The F-3 and the F-4 engines used to obtain the data presented

in this report conformed to the.package units with the following
exceptions: )




1. The F-3 engine operated from a dberomstrically eontrolled dry-
elr supply lnstead of with the dehydrating ice tower.

2. The F-4 engine employed electronic lgnock detection.

The data presented cover two serles of tests on the F-4 engine run
to evaluate the knock-limited performance of blends conteining triptene
and 28-R aviatlon fusl. The first series was undertaken to determine
the F-4 engline specified ratings of the triptane bdlends. For.comparison,
a test was run on 28-R fuel contalning anproximetely 3 percent xylidines
by volume and a leed concentration of 6 ml per gallon. The second series
of tests was run to determine the blendlng characteristics, under a
series of engine operating conmditions, of the blends contailning triptane
and 28-R aeviation fuel.

No single amall-scele engine, operating at a fixed set of condil-
tlons, can predict the knock-limited performance of a full-scale engine
operating under a wide varlety of conditions. Unpublished tests on.fuels
containing xylidines indicated that the following three sets of CFR
engine conditlions would represent a reasonably broad ra.nge of full-scele
single-cylinder knock-limited operation:

Inlet-alr Coolant
temperature temperatue Spark advance

(°F) (°F) (deg B.T.C.)
F-4 gpecifiled 225 ) 375 45
Modlfied condition A 250 250 30
Modifled cpnd.i‘bion B 150 _ 250 © 30

.=

At each of thess condltions the blends contailning ¢, 20, 40, 60,
and 80 percent by volume leaded triptane and 28-R avliation fuel were
tosted on the same day. The knock-limlted indicated mean effective
pressures for the dlfferent blends at a glven condition can therefore
be assumed to be relatively consistent. In addition, F-3 tests were
made on the blends tested. o

DISCUSSION OF RESULTS

Figures 1, 2, and 3 present the knock-limited F-4 performance data
for the triptane blends and, within reference-fuel limits, the corres-
ponding brecketing reference curves. When rich-mixture performance of
the blends wae better than thet of S-3 plus 6 ml TEL per gellon, only



the reference curve  for S5-3'plus 6 ml was plotted. The test results
on 28-R fuel oontaining27peroent:wlid.inese.nﬂ.leadedtos 96 ml
TEL per gallon are shown in figura 4. An engine failure (piston and
cylinder scuffing) prevenmted the -test of 28-R fuel. This piston and
oylinder failure was attrtbuted to :Lnsuff:lcient clearance, end a
106360D piston- “was .tnste.lled ina -nev cyl:lnder for the subsequent
teats. .

The eetima.ted lee,n end: rich perfoma.nce num'bers of the first
series of blends tested are presented in table I. Lean-mixture as
well as rich-mixture kmock-limited performaence improved with in-
creasing triptene content. The fuel contalning xylidines gave lower
knock-limited r-3 perfozmenoe than anticipated.

After 'bhe F- 4 engine was. overheuled, the second serles of tests
on the triptane blends was begun. These tests are presented in the
chronological order of engine testing. Figure 5 shows the data com-
Piled on March 21 for the blends contalning O, 20, 40, 60, and 80
percent leaded.triptane and 28-R aviation fuel tested at an inlet-
alr temperature of 250° F, a coolant temperature of 250° F, and a
spark advance of 30° B.T.C. A steady increase in the lean- and the
rich-mixture knock-limited performence accompanied an increase in
triptane concentra.tion. .

Heron a.nd Beatty (reference 1) heve suggested that, with guper-
cherged engines, the plot of reciprocal of knock-limited indicated
mean effective pressire against octane number 1s a straight line.
The graph of reciprocal of knock-limited indicated mean effective
Pressure against percentage composition has been found convenient
in the prediction of blend performance of peraffinic fuels (refer-
ence 2). Figure 6 shows such a cross plot of the data in figure 5
at four fuel-air ratios. - These data indicate that a reciprocal
relation is approximately satisfied by the blende of triptane and
28-R’ a.v’il.ation fuel. .

The knock-l:lm;lted performance date of the triptane blends
tested on March 22 at an inlet-sir temperature of 150° ¥, a coolant
temperature of 250° P, and a spark advance of 30° B.T.C. ere pre-
sented in figure 7, and a cross plot of the knmock-limited indicated :
mean effective pregsure (reciprocal scale) egainst the percemtage
camposition is presented in figure 8. The progressive gains In
knock-limited indicated mean effective pressure for each additional .
- -20~percent incregse in triptene conctentration at & fuel-air ratio of
(.0625 1)vere 43, 46, 71, e.nd 103 pounds per square inch, reapectively
fig. 7
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_ In order to glve 'an indicatlon of the temperature sensitivity of
"triptans, the ratio of the knock-limited indicated mean effective
pressure at an inlet-alr temperature of 150° F to that at an inlet-air
temperature of 250° F is-presented in ‘table II. The change in knock-
limited indicated mean effective prepsure accampanying the 100° F change
In- the inlet-air temperature i1s.also tebulated. The knock-limited
Indicated meen effective pressure wab less affected by inlet-alr tempera-
""tures at rich mixtures- than at lean mixtures. Although no consistent
trend other than a decrease with- increasing fuel-air ratio was observed
in thé ratio of the indicated mean effective pressures, the actusl 4if-
ference in the indicated mean effective pressure accompanying the 100° F
change in inlet-alr temperature steadily Increaced with triptane concen-
- tration at low fuel-alir ratios.

In order to estimate performance mmbers and check the condition

of the engine after the high-power runs, 28-R fuel was rated (fig. 9).

The 5-3 reference fuel plus 2 ml TEL was about 10-pounds-per-squere-inch

" indicated mea.n effective pressure below the standard grid at the peak,

" but part of this discrepancy 1s caused by the use .of electronic rather

than audible meens of indicating knock. The following performance num-
bers with corresponding fusl-air ratios have been assumed on the basis

of this test for 28-R fuel: 0.0625, 111; 0.070, 113; 0.090, 132; 0.110, 132.

Figure 10 premente the knock-limited performance of the triptens
-blends tested at F~4 copditions on Merch 25. The knock-limited indlcated
. mean effective pressure (reciprocal scele) is cross-plotted against per-
- centage composition in'_ figure 11. Here .agaln, the relation is approx-
Imately linear.’ Even at the relatively extreme F-4 conditions, addition
_of triptene cdused -a corresponding increase in the lean-mixture kmock-
limited perfoimance.

The reletive knock-limited indicated mean effective pressures of
figure 10 and the performance numbers of the triptene blends (estimated
by multiplying the assumed performance numbers of 28-R fuel from figure 9
and the relative knock-limited indiceted mean effective pressures of
‘figure 10) are presentod in table ITI. Although these values cemmot be
expected to agree precisely with those of table I, the two, sets of values
. are of the siame order of megnitude at rich fuel-air mixtures. .If the
_apsumed value of the 28-R performance number at a fuel-air ratio of

0.110 of table III were changed to 125, the two sets (tables I and III)
would agree almost exactly.

The estimhtedf performance numbers at a fuel-alr ratio of 0.0625 in
table IIT do not agree with the lean-mixture performance numbers that
might be estimated from figures 1, 2, and 3. Because all the data iIn



ﬁgi:re 10 were recorded on ons day, it is believed that they are the
more conslstent. The lack of reproducibility of lean-mixture perform-
ance under the F-4 cond.i‘b:lona is well recognized.

The Imock<limited indicated mean effective pressure against per-
centage compoaltion for leaded triptans and 28-R fuel blends in the
F-4 engine cg.n be approximately represented by the equation (cf. figs.
6, 8, and 11

P(N-A) =B (1)
vhere -
P knock-limited indicated mean effective pressure of the final blend
N percentage triptane in 28-R fuel
B constant depending upon fusl-air ratio and engine conditions
A the value of N corresponding to infinite P

Experimentally, the value of A was epproximately 137 for all
fuel-air ratios and conditions teated on the F-4 engine. The value
137 1s the abscissa of the intersection of all the curves of figures
6, 8, and 11 with the ordinate corresponding to infinite knock-1limited
indicated mean effeotlve pressure and, hence, would not dbe expected to
be affected by engine conditions. For convenlence in estimating lean-
mixture performance characteristica at the three sets of engine con-
ditions, the 0.0625 fuel-alr-ratio curves of figures 6, 8, and 11 ars
replotted in figure 12.

If, at constant fuel-air ratio and engine conditions, equation (1)
is written first for the blended fuel and then for the 28-R fuel, the
factor B can be eliminated. The following equation results:

P o 137 (2)
P, 137 - N

where P, 1s knock-limited indicated mean effective pressure of

28-R aviation fuel. This equation held fairly well for all fuel-

alr ratios and englne conditions tested. As can be seen from table III,
the indicated-msan-effective-pressure ratio was fairly independent of
fuel-air ratio and agreed reasonably well with the value predicted

by equation (2).-

Similarly, 1f at a given triptane concentration equation (1) is
vwritten for two sets of engine conditions and the two resulting



equations are divided, the ratio of the indicated maa.n effective
pressures at the two conditlons gives:

(3)

g ||_"'d

5]
"
o] |l_|bd

[\')

In other words, the ratio of the kuock-limited indicated mean effective
pressuree at the two engine conditions is Independent of triptane con-
centration. This trend was roughly verified in table IT. Other similar
extonsions of equation (1), resulting from the fact that A -was con-
stant, can easlly be derived.

Figure 13 shows a plot of F~3 end F-4 performence mmbers (rocip-
rocel scale) of table I egainst percentage composition. The F-3 englne
d1d not satisfactorily indicate the observed tremendovs Improvement in
lean-mixture performence caused by the addltion of triptene to 28-R
aviation fuel under supercharged test methods, but the ratings did show
progressive improvement with Increases in triptene concentretion.

SUMMARY OF RESULTS

The followling results were obtained fram this investigatlon:

1. The F~-4 and the F-3 ratings of blends contalning tr:l.pta.ne and
28-R aviation fuel are tabulated:

Blenﬂ. compositiona, percent Performance number
Triptane 28-R aviation F 4 (rich) I F 3
fuel
A | ey 44¢

0 100 by 26 { 100

20 80 147 b 109

40 60 179 i 116

60 40 220 v 133

80 | 20 b300 L4}45

ino.l TRL concentration, approximately 4.6 ml/gal.
beytrepolated from reciprocal blending relation.



2. The temperature sensitivities of the triptane blends as
represented by the ratioc of the knock-limited indicated mesn effec-
tive pressure under condition B to the knock-limited indlcated
mean effective pressure under condition A was roughly independent
of triptene concentration and varied from 1.25 at a fuel=-air ratio of
0.0625 to 1.06 at a fuel-air ratio of 0.090.

3. As a first approximation, the reciprocal of the knock-limited
indicated mean effective pressure of the tripteme bPlends varied lin-
early with the percentege triptens at the various conditions tested.

4. The blend containing 80 percent triptane, 20 percent 28-R
aviation fuel, and leaded to 4.6 ml TEL per gallon allowed a knock-
limited indicated mean effective pressure of approximately 2.4 times
that of 28-R fuel at each fuel-air ratio under the three sets of
operating conditions tested in the ¥F-4 engine.

Alrcraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Clevelend, Ohio, April 18, 1944.
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TABLE I - KNOCK-LIMITED F-3 AND F~4 PERFORMANCE
_OF AVIATION-FUEL BLENDS

—p—

_F-4 (rich) F-3 rating
Blend 'f prformance ) Performance |
ber 8-3 + ml TEL mumber
28-R avietion fuel;
4.53 ml TEL/gal 8126  peeeccccccceeeo- 100
20 percent triptans;
80 percent 28-R; 147 0.25 109
4.58 ml TEL/gal
40 percent triptene; b
60 percent 28-R; 179 .55 116
4.58 ml TEL/gal
60 percent triptamej 5 .
40 percent 28-R; 220 1.46 133
4.75 ml TEL/gal
80 percent triptané H a
20 percent 28-R; 300 2.74 145
4.59 ml TEL/gal
2.7 percent by volume
xylidines; 97.3 151 99.5 octane | =====<~w=n==-
percent 28-R; number

5.96 ml TEL/gal

@pxtrapolated fram reciprocel ®lending relation (fig. 13).

PEstimated from imep of test fuel and S-3 plus 6 ml TEL at peak of
c imep ageinst fuel-alr ratio for S5-3 plus 6 ml.
The F-3 rating was made on a later blend containing 4.64 ml TEL/gal.

Natlonal Advisory
Committee for Aeronautics



TABLE IT - EFFECT OF A CHANGE IN INLET-AIR TEMPERATURE FROM 1500 to 250° P
: ON KNOCK-LIMITED PERFORMARCE OF BLENDS CONTAINING TRIPTANE
AND 28-R AVIATION FUEL

[1-4 engine operating at modified conditions; spark advance, 30° B.T.C.; coolant
temperature, 250° F; inlet-air temperatures, 150° F end 250° F; lead concen-
tration, approximately 4.60 ml TEL/gal}

Percentege fuel-air ratio
triptens in 0.0625 0.070 0.080 0.090
final blend | imep | imep imep | imep imep | imep imep | imep
ratio| differ- rat:lol differ- | ratio| differ- | ratlo! differ-
once ; ence once ence
. 0 1.20 32 1.16 ! 27 1l.11 22 1.09 18
20 l.28 51 1.19 .+ 37 1.10 23 1.07 19
40 1.24 | 54 123 | 3 1.09 | 26 1.03 | 11
60 1.25 68 1.13 l 40 1.07 25 1.04 14
80 1. 78 1.13 : 55 Tt Bl Sl S

TABLE ITT - COMPARISOR OF KNOCK-LIMITED PERFORMANCE OF 28-R AVIATION IIU.EL
WITH AND WITHOUT ADDITION OF TRIPTANE AT ¥F-4 CONDITIONS

(Final lead concentration, approximately 4.55 ml TEL/gal)

Percentage | imep ratio Fuel-alr ratio
mmphmueﬁ ;;'};"i:ﬁ:f 0.0625 0.070 0.090 0.110
tion (2) |Perform-| imsp | Perform- | imep | Perform- | imep {Perform-| imep .
ance ratio | ance ratio | ance ratio | ance ratio
numberd number® number® ___| mumber®
0 1.00 131 1.00 113 1.00 132 1.00 | 132 | 1.00 |
20 1.17 129 1.16 129 1.14 153 1.16 155 1.17
40 1.41 159 1.43 164 1.45 197 1.49 188 1.43
60 1.78 196 1.77 214 1.89 244 1.85 236 1.79
80 2.40 246 2.22 292 2.59 | bz7 == | Pm7 ———-
100 3.70 ba10 ---= | bag ---- | bagg -=== | b4as -

8Calculated by multiplying the assumed performance number of 28-R aviation fusl
by the imep ratio.

DEgtimated from the calculated imep ratio. . Netional Advisory
' Camnitfee for Aeronautics
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Figure 7. - The knock-limlted performance of blends contalning triptane and 2&-R aviation
fuel 1in an F-U4 engine operating at modified condition B.
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Figure 8. - The blending characteristiecs of triptane ana 28-R aviation fuyel in
an P-4 englne at modifled condition B. Lead concentration of final blend approx-
imately 4.60 ml per gallon.




60

NATlONAL ADV‘SORY Ty LEAAE BARAE LARAI LA REARE: RARES BARAR AAREE RALALI RALEE RBREI
2 COMMITTEE FOR AERONAUTICS E
[:-1 o
3 4
2 F 17 ]
.:: i C W/F’QA = 3
- - / p
© - =
3 s o] 3
s HWoF ]
£ o 3
& o ]
5 : D/ :
IE s P ]
g 30 o \‘.Q - p
5] - Q o\_‘y/ 1
- -
'g o \ \0——/0/ .. p
ey o "\ e
| F ~] U/D/ 3
o 20F m
= F ]
© - 3
Qo
£ F .
o 3
- -4
[ 3
220 L 3
- -
s L] - ]
200 .
- - -
- rd
- I /0‘—_\“&
= 74# ]
o 4 S ]
N L ]
, 180 ¢4§f ]
3] o ]
o o
- / =
3 s / ]
o o :
y o ///, F- coqdltions ]
E - ]
o - ITlet-g4ir tdnperdturegd °OF .
4 - Irflet-doolant tedperafure, |°F 33; 3
e 1o E Spgark vange, ddg 3,7, C. is
& L F/ 3
o o Fuel 3
& E /]
3 - CRPT: =
5] o o sq43 ]
* 300 E 343 + @.% mE TELYgal b
E S\ <’/ a 53 + §.31 ol TELYgal .
o v 343 + 4.0 mfl TEW/gal 3
s \ A ]
d \b\/// ]
100 E .
: E\ No_t | * 3
C t\ =)
So:llll 2 4 1 LA AL L1 Lil L L1 Lt Lr Ll LiLl SN ATV UEREI NP ETI ST Llad )t ll‘] l]l:
.05 .06 .07 .08 .09 .10 .11 12 13

Figure

Fuel-alr ratlo
9, - The F-U4 performance rating of 28-R avlation fuel.



360 ~

NATIONAL ADV]SCRY LR L4 Trrergrvrrgirrigerey 1S BAREA RAAAS RAAR] R
COMMITTEE FOR AERONAUTICS

340

b i da s ls

i Pt

320

300

bdedadn

280

ddederd.

260

st b aa

2uo0

At ded

]
'\‘

Ll

220

200

Ll

Knock~limited imep, lb/sq in.

NN ST TE FEwE!

TTrr Illllrlvl TrY IABREE ERARAS B TIT]ITTT Yy Y \BEE BARE TT 47 LS BEARSARRRE RBRANARRR) LBAAAR BRARI
[
Rl
1
Fad

180
conditioss
]
Inlet-Air tdmperqture{ “F S>>
Y t tedpersfure, [°F 375 ]
160 . e, d 2.q4.C. 45 1
N // 3]
TEL B
- { // mL/g41)
o o) 4.5 ]
1ko = D Ty 5
C © 4.5 .
- Al A .5 .
- v q, p
- [~ // // > 3
- 4
120
|} // -
E N, ;
: P |
100
L J E
o D\Q ]
[ (o} s WU N1 FEYEYI RNV NUN IV FENEY A IE S ST TSI UGN NS ON LLuiA L i dlas i el sainlatailaditdeity lll:
.05 .06 .07 .08 .09 .10 .11 ¥ .13

Fuel-alr rstilo
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Figure 11. - The blending cheracteristics of triptane and 28-R aviation fuel
in an F-U4 engine operating at specifled conditions. Llead concentration of final

blends approximately 4.55 ml TEL per gallon.
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